Weakly bonded pairs of water molecules (H 2 O) 2 , or water dimers ( WDs), may play an important role in photochemistry and climate, but the overlap of most of its spectral features with the water monomer ( WM) has made detection difficult. We report on WD absorption measurements by means of atmospheric long-path (18.34 kilometers) differential optical absorption spectroscopy of the near-infrared OH stretching mode Խ0Ͼ f Խ4Ͼ b overtone transition predicted to be located near 746 nanometers. Our observation is in reasonable agreement with the known thermochemistry, calculated and measured structure, and spectroscopy (band strength, shape, and width) of the WD. The observation implies that the WD Խ0Ͼ f Խ4Ͼ b band is located at 749.5 nanometers, with a full width at half maximum of ϳ19.4 wave numbers, and that its band strength ranges between 1.23 ϫ 10 Ϫ22 and 5.25 ϫ 10 Ϫ22 centimeters per molecule.
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In atmospheric physics, water dimers (WDs) potentially play an important role by initiating homogeneous nucleation of water into droplets and ice (1, 2) in the catalytic reaction of SO 3 into H 2 SO 4 (3, 4) or in HO 2 radical reactions (5) . WDs may also be responsible for an apparent deficit in the atmospheric absorption of solar radiation (6) . A series of modeling and experimental studies have addressed atmospheric WD absorption, but previous studies of atmospheric WD absorption in visible or near-infrared (near-IR) scattered sky light yielded negative results (7, 8) , and it was concluded that the contribution of the structured WD absorption bands to the inferred total absorption [mostly due to the vibrational overtone water monomer (WM) absorption bands in the near-IR wavelength intervals considered] was below the detection limit of the individual instruments. Limitations of both studies were, however, that (i) the WD absorption was probed only by sky light that crossed the atmospheric WD layer vertically and thus on a relatively short optical path, and (ii) in the considered wavelength intervals, structured WM absorption largely dominated over the expected less structured and much weaker WD absorption. The experiences accumulated in previous atmospheric WD studies led us to choose the following measurement strategy: (i) We tried to maximize our sampling in the atmospheric WD layer with a nearsurface long path (18.34 km) over differential optical absorption spectroscopy (DOAS) measurements of scattered sky light (9, 10) . (ii) Because overtone WM and WD absorption bands are predicted to be largely overlapping in the near-IR region and their spectral features are likely to present similar spectral shapes when examined with medium-resolution instruments, the weakly absorbing long-wavelength end (744.5 to 756 nm) of the 4 WM absorption band was selected as the wavelength region for performing the WD detection (Fig. 1A) . There, a single medium-strong absorption band of the WD bound-OH stretch fundamental to the fourth overtone transition (Խ0Ͼ f Խ4Ͼ b ) is predicted to exist almost interference-free from the WM absorption (11) (Fig. 1, B The resulting WM absorption and the inferred WD absorption within the wavelength range from 744.5 to 756 nm are shown in Fig. 2 . In this case, WM absorption was fitted by using the WM spectrum of Coheur et al. (12, 13) . The interpretation of WD absorption data requires precise WM measurements as well. The quality of the in situ WM measurement taken at the meteorological station was checked by comparison with the long-path WM absorption measurements that were simultaneously made in the strongly absorbing 710-to 756-nm wavelength interval and in the weakly absorbing 744.5-to 756-nm wavelength interval (Fig. 3) . The optical data nicely scatter around the 1:1 line after the poorly characterized H 2 O monomer absorption cross section of the 744.5-to 756-nm wavelength interval has been corrected for by a factor of 0.79. This scatter indicates the variability of water vapor concentration measured either in situ or along the line of sight.
Fortunately, in the wavelength interval from 744.5 to 756 nm, the WM absorption is only moderately strong (optical density Յ 10 Ϫ2 ), a fact which avoids the potentially disturbing effect of WM line saturation and consequently artificial WD detection.
The 749.5-nm absorption increases with p 2 H 2 O (Fig. 4) (11), we obtain for the WD peak absorption at 749.5 nm
where ε WD C is the absorption and k eq C (T) is the equilibrium constant taken from Curtiss et al. (15) 
(T is temperature).
That predicted absorption is reasonably close (within 12%) to the measured absorption (2.50 Ϯ 0. (Fig. 4) .
The agreement of the measured absorption with the predicted absorption (Eq. 1) is remarkable because Curtiss et al. (15) measured k eq (T) in the temperature range from 353 to 423 K, and no temperature correction to the enthalpy ⌬H and entropy ⌬S [known to be important for weakly interacting molecules at thermal energies comparable to the cluster's bond energy (18) ] was used in the present study. Even though in Low and Kjaergaard's S calculation the potentially important influence of OH bending modes and lower frequency modes (19) was neglected, recent calculations showed that the addition of HOH bending modes to the OH-stretching calculations changes the frequency of the Խ0Ͼ f Խ4Ͼ b transition by a few wave numbers only and the intensity by less than 10% (20) .
Our observation also provides some insight into whether the near-IR WD absorption comes from truly bound, metastable states or collision pairs. As pointed out by Schenter et al. (21) , the WD partition function and thus the contribution of the entropy change to the Gibb's free energy change during WD formation largely depends on which WD definition is used in the phase-space summation over bound and dissociative states. Combining the calculations of the former study with the value of k eq (T) inferred in the present study indicates that at atmospheric temperature, the majority (Ͼ60%) of WDs are truly bounded clusters, somewhat irrespective of which WD definition is used. Accordingly, we expect that near-IR overtone absorption is due to vibrational ground-state photon absorption of truly bound WDs, leading to vibrational excited predissociative WDs. This view is also supported by the observed relatively small band width of the Խ0Ͼ f Խ4Ͼ b transition, and it thus justifies the assumption of almost Tindependent ⌬H and ⌬S values for the considered conditions (18) .
We also obtain more direct information on the short-wave (SW) absorbing potential of atmospheric WDs. Combining the k eq value of Curtiss et al. (15) , our spectroscopic WD data and those of Huisken et al. (14) , and the band strength calculations of Low and Kjaergaard (11), line-by-line radiative transfer (RT) modeling indicates that near-IR WD OH stretch transitions alone exert a SW absorption of -0.35 W/m 2 or 0.4% of the total atmospheric SW absorption on a global average and of -1.9 W/m 2 for a water vapor column of 4.7 g/cm 2 when the Sun is overhead (22) , a result that is in reasonable agreement with those of Vaida et al. (23) . Because of the relation between [H 2 O] 2 , k eq (T), and ε WD , we anticipate that the WD-induced SW absorption occurs mostly in the lowermost troposphere, and SW heating of Earth's surface will accordingly be reduced.
Because of the increasing concentration of atmospheric water vapor in a warming atmosphere, the direct SW heating potential of WDs is expected to be accordingly increased. Our data suggest that the globally averaged SW absorption by corresponding WD transitions increases by 8% per degree kelvin (8%/K) of surface warming [given by the increase in p 2 H 2 O by ϩ12%/K and the decrease in k eq (T) by -4%/K]; that is, by -0.028 (W/m 2 )/K. Atmospheric SW absorption by WD OH stretch transitions thus exerts a positive climate feedback that presently amounts to -0.02 W/m 2 , assuming that the lower troposphere warmed by ϩ0.7 K in the past 150 years. Because the energy is absorbed in the atmosphere rather than on the surface, it is anticipated that atmospheric WD absorption will diminish latent heat production by evaporation from the ground but will directly heat the atmosphere, thus reducing atmospheric convection.
The detection of near-IR WD absorption may also help to unravel the physics of the WM continuum absorption in the mid-IR, which is particularly important in the atmospheric window (24 ) . In this context, Cormier et al., and Devir et al. (25, 26 ) found, for the p 2 H 2 O contribution to the far-wing H 2 O continuum absorption in the 600 to 1200 cm Ϫ1 wave number range, a temperature dependence similar to that given by the WD's equilibrium constant, indicating WD absorption there. The formation of WDs thus may provide a physical explanation for the water vapor's IR continuum absorption that is better than the current explanation. Accordingly, WDs should be regarded as a greenhouse gas, of which the radiative effects are, however, already considered in most atmospheric radiative transfer models.
Our study also reveals that WDs may have considerable effects in atmospheric photochemistry and physics. For example, it suggests a WD concentration of ϳ6 ϫ 10 14 cm Ϫ3 , or a WM-to-WD ratio of several 10 Ϫ3 , for saturated air at T ϭ 20°C. Thermochemical data for larger water clusters are practically nonexistent, but water clusters (H 2 O) n (n ϭ 2, 3, 4, 5, 6, ..) are predicted to be stable in the atmosphere, and their formation energy may rapidly approach the sublimation enthalpy of liquid water (-9.71 kcal/mol) (19) . Theoretical studies supported by our observation suggest that for typical atmospheric conditions, the water cluster concentration decreases by roughly a factor of 1000 per addition of a water molecule (n 3 n ϩ 1) (19) . Therefore, water clusters with n Յ 6 may exist in numbers comparable to those of the ambient aerosol in the background troposphere, thus efficiently promoting water cluster-assisted photochemical reactions there. The large WD concentration alone, however, may already facilitate chemical reactions in the atmosphere, such as the oxidation of SO 3 to H 2 SO 4 , as indicated in recent laboratory studies (3, 4) . Addition or ligand-exchange reactions of water clusters with molecules of permanent dipole moments or large polarizibility (such as HO 2 , O 3 , HNO 3 , NH 3 , HF, HCl, HBr, HI, and H 2 SO 4 ) and subsequent solvation, or the addition of organic molecules such as benzene, are also likely, which will eventually lead to hydrated and chromophoric complexes in the atmosphere (5, 17, 27) . The formation of these complexes may substantially alter the effective gasphase concentrations of the reacting molecules. For example, in the case of HO 2 , which is photochemically tied directly to the most important atmospheric oxidation chemical OH, an addition or ligand-exchange reaction could modify the effective oxidation capacity of the atmosphere.
The formation of small, aqueous, solvated complexes or pure water clusters with particularly stable configurations for certain ligand numbers, or "magic numbers" n, could also lower Kelvin's surface tension barrier for condensational grow, and thus facilitate homogeneous water condensation in the atmosphere (21, 28) . The detection of WDs in the atmosphere may thus stimulate a rethinking of the physics of a suite of atmospheric processes, all being rather important for air chemistry and climate. 
